Post-mortem brain weight reference ranges for a select South African population. Int. J. Morphol., 36(3):915-920, 2018. SUMMARY: Human brain weight plays a significant role in clinical and forensic settings, as cause of death may affect brain weight; and may be used in the detection of abnormalities associated with neurological disorders. Brain weights are geography specific and incorrect reference ranges may hinder interpretation during clinical and autopsy settings. This study assessed the influence of age, sex and race on post-mortem brain weights of a select medico-legal population; to create a geographically relevant reference range of brain weights for the eThekwini region. Standard autopsy protocol and procedures, using the Ghon method of dissection were implemented on four hundred and eighty-one decedents. Decedents were obtained from a medico-legal state mortuary in the eThekwini region, KwaZulu-Natal, South Africa from June 2015 to March 2016. Black South African decedents comprised 83.6 % (402/481) of the sample population and whom reference ranges were formulated. Male decedents attained peak weight significantly earlier in the 11-20 year age interval, whereas female decedents in the 41-50 year age interval. However, no significance was observed between brain weight and age (p=0.799). Significant differences between sexes was noted, with mean male brains weighing significantly more (137.69 g, p<0.001). The mean brain weights were 1404.82±145.07 g and 1267.13±163.96 g in Black males and females, respectively. Post-mortem brain weights were predominantly of Black South Africans, with brain weights of both sexes comparably like those reported in the Northern hemisphere. However, brain weights attained peak weight at different age intervals, with variant brain weights between different racial groups within South Africa. Therefore, brain weight reference ranges may not be applicable to another geographic locality.
INTRODUCTION
Brain weight reference ranges are a leading criterion used in a combination of clinical, pharmaceutical and medico-legal settings. The degree of atrophy or hypertrophy of the brain may be indicative of clinical anatomical abnormalities and even pathology (Singh et al., 2004; Kohli & Aggarwal, 2006; Sheikhazadi et al., 2010) .
At autopsy, an increase in brain weight suggests cerebral oedema but may be unaffected by visceral congestion and blood loss (Molina & DiMaio, 2012 , 2015 . Changes in organ weight associated with aging may influence the consumption and toxicity of chemical compounds in children and adults and have been used to determine treatment related susceptibility (Haddad et al., 2001; Sellers et al., 2007) . According to the WHO, neurological disorders are one of the significant risks posed to public health. The escalation of neurological disorders such as Alzheimer's, schizophrenia and autism, in recent years has brought about an intensified interest to the field of neuroscience (Brown et al., 1986; Aylward et al., 2002) .
Demographic parameters such as the age, sex, and the racial ancestry of the individual has been noted to influence overall brain weight (Kohli & Aggarwal; Sheikhazadi et al.; Prakash et al., 2013) .
Variations of the age at which the peak weight of an organ is reached has been noted between populations, with gyral atrophy occurring at 60-years of age (Andersen et al., 2003) . Age-related decline in the weight of the brain was attributed to the marked loss of myelinated nerve fibres in the aged (Marner et al., 2003) . Despite age related changes and racial ancestry, the weight of the male brain averages between 120-150 g heavier than females and is 9-12 % larger Department of Clinical Anatomy, School of Laboratory Medicine and Medical Science, College of Health Sciences, University of KwaZulu-Natal, Westville Campus, Private Bag X54001, Durban 4000, South Africa. (Chirachariyavej et al., 2006; Witelson et al., 2006; Kim et al., 2009; Molina & DiMaio, 2012 , 2015 . Heavier brain weights in males can be attributed to differences in sexual hormonal regulation (Narongchai & Narongchai, 2008) . The influence of racial ancestry on brain weight is highly controversial and therefore, lacks consistency (Rushton & Jensen, 2005) . Autistic individuals present with brain overgrowth and macrocephaly, with individuals affected by Alzheimer's having physiologic decline in the weight of the brain and subsequent broadening of the lateral ventricles with increasing age (Skullerud, 1985; Sacco et al., 2015) .
Forensic literature documents extensive data regarding Northern hemispheric populations (Ludwig, 2002; Connolly et al., 2016) , with paucity of reference ranges for Sub-Saharan Africa and South Africa. Reference ranges are a leading criterion used during medico-legal autopsies and assist clinicians for the early diagnosis and improved prognosis of disorders. Consequently, incorrect reference ranges may lead to erroneous interpretation. Therefore, this study aimed to document post-mortem brain weights from a select medico-legal state mortuary in the eThekwini region and to determine the influence of parameters: age, sex and race on human brain weights-to provide a suitable reference range.
MATERIAL AND METHOD
Study design, Setting and Sample size. This observational case series study was undertaken at a preselected medicolegal state mortuary in the eThekwini region, KwaZuluNatal, South Africa. A consecutive series of 500 decedents were collected over the period June 2015 to March 2016. A sample size of 500 decedents were predetermined after taking into consideration statistical parameters at a 95 % confidence level. The exclusion criteria were as follows: (i) decedents with an incomplete demographic profile, (ii) decedents with significant injury to surrounding tissue, and (iii) organs that were decomposed.
To remove any risk of infection, all individuals were required to use adequate protective gear as-well-as adherence to strict safety precautions. Eligible decedents were subjected to standard autopsy protocol and procedures-within 48 h after death. The autopsy procedure and organ removal were performed by the relevant forensic pathologist responsible for the autopsy. Retrieval using a steel receptacle and weighing of the brain was performed by the principal investigator-thereby limiting any bias in reporting. The Ghon method was the preferred method of dissection and entails the removal of the cervical, thoracic, abdominal and pelvic organs "en bloc" (Ludwig; Connolly et al.) . Each brain was grossly examined for any pathology. Thereafter, the brain was weighed on an electronically calibrated scale, which was approved by the South African Bureau of Standards (SABS). The "wet weight" of all the brain samples was recorded. "Wet weight" refers to the state of the organ as soon as it is removed from the body cavity. Brain weight included the cerebral hemispheres, cerebellum, pons, and medulla; and was truncated using a scalpel at the start of the spinal cord.
Data collection and Statistical analysis.
The data was collected in two parts: (i) documentation of decedent demographic characteristics from case reports-completed prior to autopsy, and (ii) the recording of brain weights (in grams). The following demographic data were available and utilised in this study, namely: Age (years), sex -males to females; and race (Black, Coloured, Indian and White South Africans).
The Statistical Package for Social Sciences (SPSS, Version 23.0) was used to assess the correlation/association of age, sex and race with brain weight. Statistical tests included: descriptive statistics to determine the mean and standard deviation of brain weights and was stratified by age, sex and race. Pearson product-moment correlation was used to assess correlation between brain weight and age and the Independent Sample T-test was used to compare the mean brain weights between sexes. Analysis of Variance (ANOVA) with Tukey HSD multiple adjustment comparison determined post hoc pairwise comparison of race groups. A p-value of less than 0.05 was considered statistically significant.
Ethical consideration and Approval. The study was completed in accordance with the Inquests Act No. 58 of 1959. Confidentiality of the decedents was ensured using randomised identifying numbers allocated to each decedent by the Forensic pathology services. Approval was granted by the Biomedical research ethics committee of the relevant institution (BE522/14) and Gate keeper permission by the Department of Health: Forensic pathology services (72/03/ 2015).
RESULTS
Total Sample Distribution. A total of four hundred and eight-one decedents (n=481, 96 %) met the criteria for inclusion in this study and comprised of 377 (78.3 %) males and 104 (21.6 %) females; with a racial grouping of 402 (83.6 %) Black, 10 (2.1 %) Coloured, 42 (8.7 %) Indians and 27 (5.6 %) White South Africans. Mean brain weights of the total number of decedents (n=481) is 1364.40 ± 163.8 g. Decedents were categorised into 10-year age intervals: 1-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90. Total Sample Parameters. The Pearson product-moment correlation test showed significant correlation with the age of the decedent and brain weight (p= 0.020). However, the weight of the brain had a weak negative correlation with age (r= -0.106), the negative correlation implied that after reaching peak weight-an increase in age results in minimal decreases in the weight of the brain. A comparison between male and female brains was made using the Independent Samples T-test. There was a significant difference between sexes (p<0.001), with the weight of male brains being heavier than that of female brains, by 148.06g (Table I) . A One-way Anova test was conducted to compare the influence of race on brain weights.
The test showed a significant difference between racial groups (p<0.001). In the eThekwini region, decedents of the White South African racial group, illustrated heavier brain weights in comparison to the other racial groups of the same region (Table I) .
Black South African sample distribution. This study included 402 Black South African decedents, which comprised of 318 (79.1 %) males and 84 (20.9 %) females. The mean brain weight of Black male decedents was 1404.82±145.07 g and 1267.13±163.96 g in Black females. The difference in mean weights between sexes is 137.69 g. Decedents were categorised into 10-year age intervals: 1-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90 . The number of Black decedents per 10-year age interval is documented in Table II . Male decedents attained peak weight at the 11-20 year age interval, whereas the female decedents attained peak weight later at the 41-50 year age interval (Fig. 1) . At every age interval, mean brain weights of male decedents were higher than females (Tables III and IV) (Figs. 1A Table II . Number of decedents observed per age interval (years). Table I . Sample demographic parameters affecting brain weight. 
DISCUSSION
This study observed the influence of demographic parameters viz. age, sex and race on human brain weights to establish a suitable reference range for the eThekwini region. Sub-Saharan Africa and South Africa lacks appropriate reference material regarding human brain weight, which plays an integral factor as the leading criterion considered in the interpretation of cause of death and the early diagnosis and prognosis of neurological disorders.
The overall results for the sample population showed that brain weight had a significant correlation with age and peak brain weights were reached early into adulthood (Table  I) . Mean brain weight of the present study was recorded as 1418.67±165.25 g. Similarly, standard anatomical textbooks document the mean brain weight at 1500 g (Standring, 2008; Sinnatamby, 2011) . It was observed that mean brain weights of male decedents were approximately 150g heavier (Table I) , concurring with previous studies Witelson et al.; Molina & DiMaio, 2012 , 2015 . This study yielded a significant difference between brain weight and the different racial groups under study. Results reflected White South African decedents having an overall higher brain weight than other racial groups observed (Table I) . Racial disparity between populations has been noted in literature, (Table V) . In comparison to Northern hemispheric data, values of brain weights of those with a similar ancestry shows discrepancies, as brain weights of the Indian South African population differs from those of the Indian continent (Table  V) . There is great controversy regarding race and therefore, an inconsistency of the results (Rushton & Jensen) .
The study comprised of predominantly Black South Africans, for whom reference ranges were created. Brain weights reached peak weight during early adulthood in black males, while female decedents reached peak weight much later (Tables III and IV) . However, Prakash et al. documented peak weight at the 40-60 year age interval (Table V) . Decline in the weight of the brain occurs faster in males than females (Witelson et al.) . According to findings of the present study, as age increases the weight of the brain gradually decreases (Table I ). Figure 1 illustrates increasing brain weights until peak, followed by a gradual linear decline in weight. Age-related changes in brain weights of Alzheimer's patients have been associated with a physiologic decline and broadening of the lateral ventricles (Skullerud) . Consequently, results may be population dependent and therefore the need for geographic specific data. Furthermore, age -related decline was attributed to malnutrition and the marked loss of myelinated nerve fibres in the aged (Marner et al.) . In medico-legal settings a comprehensive reference range is imperative as decedents dying of unnatural causes such as hanging and head injury, which shows a slight increase in brain weight (Tanna et al., 2011; Prakash et al.) .
Despite age related changes and racial grouping, the weight of the black male brain was observed to be heavier (Table V) , with black males of the present study weighing 137.69 g more. Brain weights differed between sexes of the same age (Fig. 1) . Thus, concurring with previous studies, as they recorded an average difference between 120-150 g (Table V) differences of 100 g. Narongchai & Narongchai stated that differences in weight have been attributed to changes of sexual hormonal regulation. Due to the contrasting nature of brain weights, the findings of the present study may form part of a reference point for decedents of this region.
The study was limited as reference ranges could not be established for the other racial groups. The sample size was inadequate due to the eThekwini region being predominantly populated with Black South Africans. Additionally, decedents were obtained from a medico-legal state mortuary, consequently a history of the decedents underlying medical conditions and substance abuse could not be considered. For future studies, the authors wish to further collaborate with other medico-legal state mortuaries within South Africa, which would provide a better understanding of the population reference ranges.
CONCLUSION
Brain weights of the present study showed significance to the influencing parameters. In comparison to Northern hemispheric populations, brain weights for both sexes were comparably similar, with male brains weighing more. However, brain weights attained peak weight at varying intervals, with decedents of the White South African racial group having heavier brain weights than other racial groups under study. The present study also signifies variability of brain weights throughout the world. Brain weights in general are geographic specific and may not be applicable to that of another for accurate diagnosis of neurological disorders and for the interpretation of traumatic brain injury in medico-legal settings. 
RESUMEN:
El peso del cerebro humano tiene un rol importante en los entornos clínicos y forenses, ya que la causa de la muerte puede afectar el peso del éste; además puede se puede usar en la detección de anomalías asociadas con trastornos neurológicos. Los pesos cerebrales son específicos de la geografía y rangos de referencia incorrectos pueden dificultar la interpretación en la clí-nica y la autopsia. Este estudio evaluó la influencia de la edad, el sexo y la raza en el peso cerebral post-mortem de una población médico-legal seleccionada; para crear un rango de referencia geográficamente relevante de pesos cerebrales para la región eThekwini. El protocolo y los procedimientos estándar de autopsia, utilizando el método de disección de Ghon, se implementaron en 481 cadáveres. Los cadáveres se obtuvieron de un depósito de cadáveres médico-legal en la región de eThekwini, KwaZulu-Natal, Sudáfrica, entre junio de 2015 a marzo de 2016. Los cadáve-res, afro descendientes de Sudáfrica, comprendían el 83,6 % (402/ 481) de la población de la muestra y se formularon los rangos de referencia. Los fallecidos masculinos alcanzaron el peso máximo significativamente más temprano en el intervalo de edad de 11-20 años, mientras que las mujeres fallecidas, correspondió al intervalo de edad de 41 años. Sin embargo, no se observó significación entre el peso del cerebro y la edad (p = 0,799). Se observaron diferencias significativas entre sexos, con cerebros masculinos medios que pesaban significativamente más (137,69 g, p<0,001 pesos cerebrales medios fueron 1404,82±145,07 g y 1267,13±163,96 g en hombres y mujeres negros, respectivamente. Los pesos cerebrales post-mortem fueron predominantemente de sudafricanos negros, con pesos cerebrales de ambos sexos comparables a los reportados en el hemisferio norte. Sin embargo, los pesos cerebrales alcanzaron el peso máximo a diferentes intervalos de edad, con pesos cerebrales variables entre diferentes grupos raciales dentro de Sudáfrica. Por lo tanto, los rangos de referencia de peso del cerebro pueden no ser aplicables a otra localidad geográfica.
